In vivo gene transfer via intravenous administration of cationic lipid-protamine-DNA (LPD) complexes.
A novel LPD formulation has been developed for in vivo gene transfer. It involves the interaction of plasmid DNA with protamine sulfate, a cationic polypeptide, followed by the addition of DOTAP cationic liposomes. Compared with DOTAP/DNA complexes, LPD offers better protection of plasmid DNA against enzymatic digestion and gives consistently higher gene expression in mice via tail vein injection. When a luciferase reporter gene was employed, gene expression was found in all tissues examined including lung, heart, spleen, liver and kidney with the highest expression in the lung. The in vivo efficiency of LPD was dependent upon charge ratio and was also affected by the lipid used. Increasing the amount of DNA delivered induced an increase in gene expression. The optimal dose was approximately 50 micrograms per mouse at which concentration approximately 20 ng luciferase protein per milligram extracted tissue protein could be detected in the lung. Increasing the DNA to 100 micrograms per mouse resulted in toxicity and death of the animal. Gene expression in the lung was detected as early as 1 h after injection, peaked at 6 h and declined thereafter. High expression was also found in the spleen 6 h after injection but dropped very rapidly thereafter. The in vivo gene expression by LPD was dependent upon the route of administration since intraportal injection of LPD led to about a 100-fold decrease in gene expression in the lung as compared with i.v. injection. Using lacZ as a reporter gene, it was shown that endothelial cells were the primary locus of transgene expression in both the lung and spleen. No sign of inflammation in these organs was noticed. Since protamine sulfate has been proven to be nontoxic and only weakly immunogenic in humans, this novel vector may be useful for clinical gene therapy.